This study utilizes tritiated muscimol binding and electron microscope autoradiography (Ilford L4 emulsion and phenidone development) to localize y-aminobutyric acid (GABA) receptor sites in the cerebellum of the rat. In the cerebellar cortex, silver grains were associated with somata and dendrites of basket and stellate cells in the molecular layer, with somata and primary and secondary dendritic shafts of 'y-Aminobutyric acid (GABA) is a major inhibitory neurotransmitter in the mammalian central nervous system, and deficits of GABA have been implicated in certain neurological and psychiatric disorders, such as Huntington's chorea, Parkinson's disease, and schizophrenia. Considerable interest attaches to the identification of GABA-containing neurons and receptor sites for GABA. Although cells and processes with GABA-synthesizing enzymes and with GABA uptake systems have been identified morphologically (1-3), the receptor binding sites for GABA have been visualized only recently (4, 5). These two recent reports provided detailed quantitative information on the distribution of GABA receptors in the cerebellum (4) and the hippocampus (5) as determined by light microscopic autoradiography. In these studies, muscimol (M, 3-hydroxy-5-aminomethylisoxazole), a psychotomimetic constituent of Amanita muscarsa (6) and a potent GABA agonist (7-9), was used in its tritiated form as a histochemical marker for GABA receptor sites. Tritiated muscimol ([3H] The major questions to be addressed include whether or not GABA receptors are associated with (i) membranes of neuronal or neuroglial elements, (ii) synaptic sites, (iii) specific cellular types, or (iv) unusual nonsynaptic relationships.
basket may suggest a possibility of the basis for synchronization, either self-inhibition or facilitation within the basket formation, or presynaptic suppression of inhibitory action of basket cell on Purkinje cell.
'y-Aminobutyric acid (GABA) is a major inhibitory neurotransmitter in the mammalian central nervous system, and deficits of GABA have been implicated in certain neurological and psychiatric disorders, such as Huntington's chorea, Parkinson's disease, and schizophrenia. Considerable interest attaches to the identification of GABA-containing neurons and receptor sites for GABA. Although cells and processes with GABA-synthesizing enzymes and with GABA uptake systems have been identified morphologically (1-3), the receptor binding sites for GABA have been visualized only recently (4, 5) . These two recent reports provided detailed quantitative information on the distribution of GABA receptors in the cerebellum (4) and the hippocampus (5) as determined by light microscopic autoradiography. In these studies, muscimol (M, 3-hydroxy-5-aminomethylisoxazole), a psychotomimetic constituent of Amanita muscarsa (6) and a potent GABA agonist (7) (8) (9) , was used in its tritiated form as a histochemical marker for GABA receptor sites. Tritiated muscimol ([3H]M) has a free amino group that enables the substance, when it is bound to receptor sites in tissue constituents, to be covalently bound by aldehyde fixation. Subsequent manipulations are then possible for autoradiographic visualization of the bound [3H]M (5 (4) . [3H]M obtained from New England Nuclear, specific activity 10.3 Ci/mmol, was checked for purity by silica-gel thin-layer cochromatography with unlabeled purified muscimol in butanol/glacial acetic acid/water (4:1:1) and detected with 5% (wt/vol) ferric chloride (5) . The animals were perfused with 1% (vol/vol) glutaraldehyde and 1% (vol/vol) formaldehyde in 0.12 M phosphate buffer, pH 7.4. The tissue slices containing the injected sites were postfixed in osmium tetroxide, stained en bloc, and embedded in epoxy resin (10) . Autoradiograms at the light microscopic level provided the means to study large areas of entire folia of cerebellar cortex and nuclei (4) . For ultrastructural study, we selected certain areas that were well oriented in the sagittal plane and contained several Purkinje cell somata and dendritic fields, molecular layer, granular layer, and regions of the dentate nucleus. Electron microscopic autoradiograms were prepared from 150 serial thin sections by using the parlodion-coated slide/filmstripping technique (11, 13) . The slides were coated with Ilford L4 emulsion (1:4) and exposures of up to 5 weeks were used. Phenidone was selected as the best developer (14) parative trials with Microdol-X and physical developers (11) . The phenidone grains were small, round, and well suited to the precise localization of [3H]M radiation sources. The other major technical concern was to keep the background to a minimum by careful selection of exposure and development times in these procedures. All available sections were examined in a Philips EM-300. Approximately 350 electron micrographs containing silver grains were obtained. The position of every grain in every micrograph was quantitatively analyzed with respect to its relationship to the nearest adjacent membrane. Because of the harsh procedures used in the preparation of these autoradiograms, it was difficult to study the cytoplasmic morphology of axons. The identification of other cellular elements was made on the basis of their location and structure and the known connections of the various cell types. The selectivity of the method and the paucity of silver grains developed (in order to reduce background) made it impossible to estimate the true density of GABA receptor sites by means of the number of silver grains. The ratio of grains to receptor site density is not 1:1; nevertheless, the presence of a silver grain indicates the presence of labeled receptors.
RESULTS AND COMMENTS Cellular localization
The deposition of phenidone-developed silver grains was selectively localized to the plasma membranes of several neuronal types and their processes. Background label was low. Serialsection autoradiograms exposed for 3 weeks exhibited half the number of silver grains encountered in those exposed for 5 weeks; however, the grains were on comparable structures in adjacent serial sections exposed for the two durations. Silver grains in the cerebellar cortex were associated with plasma membranes of the following structures: (i) somata and primary dendrites of basket and stellate cells in the molecular layer; (it) somata and primary and secondary dendritic shafts of Purkinje cells; (iii) axons and axon terminals of basket cells in the pinceau region; (iv) initial axonal segments and myelinated axons of Purkinje cells; (v) the dendrites of granule cells and Golgi cells in the granular layer; (vi) somata and dendritic shafts of large and small neurons in the cerebellar nuclei.
These data correspond well to the distribution and density of GABA receptors on cells in the cerebellar cortex and nuclei seen in light microscopic autoradiograms (4) . In almost all cases the label was associated with neuronal plasma membranes and not with the neuroglial investment. However, one example was found of label on the membranes of an opposing axon and neuroglial cell in the dentate nucleus. Furthermore, the label occurred in relation to cellular surface membranes and not to internal cytoplasmic membranes. Synaptic terminal localization One hundred and thirty-five electron microscopic autoradiograms were obtained in which silver grains were deposited on membranes belonging to axonal varicosities and to postsynaptic elements bearing visible synaptic junctions (see Fig. 1 ). In 88.9% of these examples, the label was associated with axodendritic synapses on Purkinje cells and in 11.1% the label was associated with axosomatic synapses on Purkinje, stellate, and basket cells.
Of silver grains located on plasma membranes of structures without visible synaptic contacts. Of these, 66% were on plasma membranes between axons (Fig. 3A ) and 34% were on dendrites (Fig. 3B) . The basket region around the Purkinje cell body and initial axon segment presented the most examples of silver grains between axonal plasma membranes. Here, the axons belonging to the GABA-containing basket cells of the molecular layer are complexly intertwined with one another, with some neuroglial processes between them (10). Few, if any, true axo-axonal synapses exist, although specialized, septate-like junctions have been described (17) (18) (19) 10) . The label present in the pinceau was found on the membranes between apposed basket axons that were bare of neuroglia and not at any specialized junction, as summarized in Fig. 4 result in inhibition of the other members of the basket and thus a reduction of the effect. Alternatively, it is conceivable that the membrane events in the terminals could lead to synchronized activation of the whole formation and to reinforcement of the effect of exciting a single basket cell. Moreover, is it possible that presynaptic suppression of inhibitory action of basket cell on the Purkinje cell could result? The inhibitory effect of basket cell activation on Purkinje cell discharges builds up and decays relatively slowly (12, 20, 21) . Some aspects of these electrical properties may be explainable by the general distribution of GABA receptors throughout the axons of the basket formation. The present findings suggest that re-examination of the physiology of the complicated synapse between basket and Purkinje cells would be useful.
